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Abstract 
If b oassessments are to he p the Off ce of Water, the Reg ons and the States to d agnose causes of stream mpa rments, a better understand ng s needed of the re at onsh
between commun ty metr cs and amb ent cr ter a or amb ent b oassays. Th s re at onsh s not s mp e, because metr cs assess responses at the commun ty eve of b og ca
organ zat on, wh e amb ent cr ter a and b oassays assess or are based on responses at the nd dua eve For meta s, the re at onsh s further comp cated by the nf uence of 
other var ab es, such as hardness, on the r b oava ab ty and tox ty. In 1993 and 1994, a R-EMAP survey was conducted on streams n Co orado's Southern Rock es Ecoreg on. 
In th s ecoreg on, m ng has resu ted n meta s contam nat on of streams. The surveys co ected data on f sh and macro nvertebrate assemb ages, phys ca hab tat, and sed ment 
and water chem stry and tox ty. These data prov de a framework for assess ng d agnost c commun ty metr cs for spec c env ronmenta stressors. We character zed streams as 
meta s mpa red based on exceedence of hardness-ad usted meta s cr ter Cd, Cu, Pb, and Zn n water on water tox ty tests 48-hour mepha es prome as and Cer odaphn
dub surv va ; on exceedence of sed ment TELs or on sed ment tox ty tests 7-day Hya a azteca surv va and growth Macro nvertebrate and f sh metr cs were compared 
among affected and unaffected reaches to dent fy metr cs sens ve to meta s. Severa macro nvertebrate metr cs, part cu ar y r chness metr cs, were ess mpa red streams, wh
other metr cs were not. Th s a funct on of the sens ty of the nd dua metr cs to meta s effects. F sh metr cs were ess sens ve to meta s, because of the ow d vers ty of f sh 
these streams. 

Introduction 
The ob ect ves of th s research are to compare conc us ons about the effects of contam nants at d fferent reaches us ng the three pr mary methods for the eco og ca assessment of 
contam nant exposure and effects n waters or sed ments: 

chem ca cr ter a - AWQCs or sed ment effect eve s - for the protect on of aquat fe, 
oassays to assess amb ent tox ty of water or sed ment, and 
oassessments of f sh or macro nvertebrate assemb ages. 

In th s paper, th s approach s app ed to streams affected by meta s assoc ated w th hard rock m ng n Co orado's Southern Rock es Ecoreg on. 

Because of the r d ffer ng measurement endpo nts, these methods assess d fferent eve s of b og ca organ zat on. Chem ca cr ter a and amb ent b oassays are based on 
measures of the responses of nd dua s and show nd dua - or popu at on- eve effects. oassessments show commun ty eve effects. Chem ca cr ter a and amb ent b oassays 

ffer, because chem ca cr ter a are based on b oassays w th a range of taxa, whereas amb ent b oassays use a few standard spec es. 

Assumpt ons ex st about the re at onsh ps between the eve s of protect on assoc ated w th these assessment too s. oassays measure nd dua endpo nts, such as morta ty, 
growth, or reproduct on, t ed to popu at ons, because morta ty and reproduct on affect popu at on s ze. Chem ca cr ter a are assumed to be protect ve of at east 95% of the taxa 
aquat c commun es, because thresho ds are set at the 5th percent e of the most sens ve genera n the sens ty d str but on. Protect on at the commun ty eve for amb ent 

oassays maybe var ab e, because of var ab e sens ty of the standard spec es re at ve to nd genous taxa. Cont nued use of these methods n eco og ca assessment and 
management of env ronmenta contam nants can benef t from greater understand ng of the re at onsh ps between these eve s of b og ca organ zat on and the r protect on by the 
endpo nts measured by these methods. 

Methods 
The R-EMAP survey of the m nera be t of the Co orado's Southern Rock es Ecoreg on se ected 
73 wadeab e stream reaches us ng a spat y systemat c, random zat on method gure 1 . 13 add ona reaches were se ected upstream or downstream of m ng s tes. 

•� Water was ana yzed for d sso ved meta s and hardness and sed ments for tota meta
•� 48-hr morta ty tests Cer odaphn a dub mephe es prome as were conducted w th water and 7-day growth and morta ty tests Hya a azteca for sed ments. 
•� Macro nvertebrates and f sh were co ected fo ow ng EMAP methods Lazorchak et a . 1998 , On y data from r ff e macro nvertebrate samp es were used. 
•� Assemb age data were used to ca cu ate var ous metr cs. sh metr cs were ted by the ow, natura vers ty of the f sh assemb ages. 
•� Samp ng events were c ass ed nto two groups, those affected or unaffected by meta n water or sed ments. The events were segregated four t mes, each based on one of the � 
� four nd dua -effects based methods Tab e 1
•� Ass gnments of reaches to groups were compared between water and sed ments and between the amb ent cr ter a and b oassays w th cont ngency tab es the ndex was used to 

assess the correspondence between groups. The ndex s a measure of assoc at on n the ass gnment of reaches rang ng from -1 to +1. 
•� Metr cs were compared between each pa r of groups w th a one-way ANOVA to answer the quest on, "Was the mean of the metr c d fferent between groups dent ed as affected or 

unaffected by meta s?" 
•� We quant ed the frequency of d sagreement between an assessment of reaches based on nd dua effects and that based on the metr cs. 
•� Segmented regress on was used to further exp ore the re at onsh ps between metr cs and meta s re at ve to amb ent cr ter a. Segmented regress on mode s data where the 

regress on changes at po nts, ca ed n po nts. If the cr ter a for water or sed ments represent thresho ds for commun ty eve effects as measured by the metr cs, then the the 
regress on shou d change at the n po nt, where at east one meta exceeded ts cr ter on. 

gure 1. Map of Co orado w th the m nera zed reg on of the 
Southern Rock es Ecoreg on and ocat ons of the 1994 – 1995 
R-EMAP reaches. 

Figure 2. Comparison of selected metrics between groups 
identified as affected or unaffected by the individual endpoints. 
Boxes = mean and 95% CLs (each metric for each group); whisker 
= range; n = no. reaches classified in each group; U = unaffected 
group; A = affected group; ns = not significant; * = < 0.05; ** = 
corrected probabilities significant (i.e., sequential Bonferroni 
technique). 
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Table 1. Criteria used to segregate reaches into affected or unaffected groups. 

Variable Individual Criterion Source 

sso ved concentrat ons 
Cd, Cu, Pb, or Zn 

>Hardness-ad usted 
sso ved chron c cr ter

USEPA 1999, 2001

Surv va of C. dub or P. prome as 
48-hr test

<80% surv va contro tests 

Sed ment concentrat ons 
Cd, Cu, Pb, or Zn 

>TEL for 28-d H. azteca 
sed ment tox ty test 

USEPA 1996

Surv va or growth of H. azteca 
7-day test

<85% surv va or 90% 
growth 

contro tests 

•� Cr ter a or b oassays nd cated sed ments were tox c, 
wh e water was not at more reaches than the reverse 
Tab e 2A Based on the chem stry of the m ne 

� dra nage, some reaches wou d be expected to have 
evated concentrat ons of meta n sed ment but not 

water. 

•� Cr ter nd cated water or sed ments were tox c wh
� b oassays d d not at more reaches than n the reverse 

Tab e 2B

•� Severa macro nvertebrate metr cs exh ted d fferences 
� between groups segregated us ng the nd dua -based 

measures Tab e 3 . Th s seems to depend on the 
sens ty of the metr cs to meta s. Metr cs w th the 

� greatest F stat st cs were genera y r chness metr cs 
Tab e 3, F gure 1

•� R chness metr c sens ty to meta s cons stent w th 
an assumpt on that nd dua -and popu at on- eve
effects are the bas s of commun ty eve effects. 

� Tox cants ncrease morta ty and decrease growth and 
reproduct on of nd dua s, and th s reduces popu at on 
abundances. At ncreas ng thresho ds, recru tment of 

� d fferent popu at ons fa s, spec es are sequent
nated from the assemb age, and taxa r chness 

� decreases. 

•� F sh metr cs were ess sens ve to the meta Tab e 3, 
� F gure 1 ke y a resu t of the ow f sh d vers ty n these 

co dwater streams. 

Table 3. Metrics exhibiting differences between two groups segregated using at least one of the following measurement endpoints: 
chronic AWQC for dissolved Cd, Cu, Pb, or Zn; results of 48-hr, water bioassays C. dubia or P. promelas ; sediment TELs for Cd, Cu, 
Pb, or Zn 28-day H. azteca tests ; or results of 7-day sediment bioassays H. azteca

Macroinvertebrates 
Tota taxa r chness 
Tota abundance 
Abundance per taxon 
Into erant taxa r chness 
Ephemeroptera taxa r chness 

ecoptera r chness 
Tr choptera taxa r chness 
EPT taxa r chness 
Ch ronom dae taxa r chness 
% Ind., to erant taxa 
Orthoc ad nae taxa r chness 

Tanytars taxa r chness 
Co eoptera taxa r chness 
% Ind., Ephemeroptera 
% Orthoc ad nae of Ch ronom dae 
% Tanytars of Ch ronom dae 
% Ind., Co eoptera 
% Ind., D ptera and non nsects 
% Ind., Most common taxon 
% Ind., F ve most common taxa 
Co ector-f terer taxa r chness 
Co ector-gatherer taxa r chness 
Predator taxa r chness 

Shredder taxa r chness 
Scraper taxa r chness 

Fish 
Tota spec es r chness 
Sa mon dae spec es r chness 
Tota abundance 
Adu t abundance 
Sa mon dae abundance 
% Ind., nat ve spec es 
% Ind., Sa mon dae 
% Ind., nat ve Sa mon dae 

Oncorhynchus of Sa mon dae 

** ** ** ** 
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Table 2. Correspondence of conclusions of assessments for water and sediment and based on criteria and bioassays for sampling events. 

A. MEDIA 
Criteria = +0.89

Were water criteria exceeded? B. METHODS 
Water = +0.98

Were metal ambient water 
quality criteria AWQC

exceeded? 

No Yes Total No Yes Total 

Were sediment 
threshold-effects 

levels TELs
exceeded? 

No 53  56  
Did water bioassays 

show effects? 

No 65 73 

Yes 15 15 30 Yes 10  11  

Total 68 18 n = 86 Total 66 18 n = 84 

Bioassays = +0.83
Did water bioassays show 

effects? Sediment = +0.73
Were metal sediment threshold 
effects levels TELs exceeded? 

No Yes Total No Yes Totals 

Did sediment 
bioassays show 

effects? 

No 63  67  Did sediment 
bioassays show 

effects? 

No 49 18 67 

Yes 10  17  Yes 12  17  

Total 73 11 n = 84 Totals 54 30 n = 84 

•� For sed ments, the regress ons of metr cs on the summed rat os of the meta s to the
� TELs d d not change when at east one meta exceeded ts TEL, suggest ng the TELs 
� do not approx mate thresho ds for adverse effects n these streams. A thresho d for 

adverse effects may be ess than the TELs. 

•� Bes des assess ng measurement endpo nts at d fferent eve s of b og ca organ zat on, cr ter a, b oassays, and metr cs d ffer n the r stressor 
spec ty. Cr ter a are spec c to measured contam nants and gnore unmeasured stressors or those ack ng cr ter a. B oassays detect any 

oava ab e tox cants n the test med um but do not assess other character st cs. Metr cs are not stressor spec c. Wh e metr cs may be sens ve to 
spec c stressors, they a so may be sens ve to other concurrent stream a terat ons, such as a terat ons of phys ca hab tat, that are not addressed by 
cr ter a. 

Conclusion 
•� We used a s mp e approach n c ass fy ng reaches nto unaffected and affected groups. Th s recogn zes that t has been d ff cu t to construct mode s to extrapo ate from 

nd dua to popu at on to commun ty effects, because of d ff cu es of ncorporat ng var at on n exposure and response across the h erarch ca eve s of t me, space, and 
organ zat on. 

•� Cons der ng th s s mp e c ass cat on, one m ght expect few, f any, metr cs wou d exh t d fferences between the two groups. 

•� However, a number of metr cs, part cu ar y r chness metr cs, exh ted d fferences between groups. Th s suggests that a re at onsh p ex sts between the nd dua eve
effects assessed by cr ter a or amb ent b oassays and the commun ty eve effects assessed by metr cs and that the nd dua eve effects are pred ct ve to some extent 
of commun ty eve effects. 

•� We need to assess the genera ty of these re at onsh ps for other contam nants bes des meta s. 
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Figure 3. Segmented regressions of metrics on the summed ratios of either dissolved metals to 
their chronic AWQCs or sediment metals to their TELs. In the regressions, y=the metric value; 
x1 (dummy variable)=1 if at least one metal exceeds its threshold (open ciricles), or x =0 
otherwise (solid circles); and x (ratios of dissolved Cd, Cu, Pb, and Zn to their chronic 
AWQCs) or (ratios of sediment Cd, Cu, Pb, and Zn to their TELs). *=different from 0 (p<0.05). 
Solid lines are the predicted regression lines. 

•� There are reaches where the methods appear to d ffer 
the r assessment of adverse effects Tab e 4 . Reaches n the 
unaffected groups where metr cs are < the 95% LCL may be 
affected by other stressors. Prev ous ana yses dent ed 
effects assoc ated w th vestock graz ng as another stressor 
these streams. so, the streams were on y samp ed once, 
and we cou d not assess the tempora var ab ty of meta s. 

•� At reaches n the affected group where metr cs were > the 
95% UCL, meta s exposure may d ffer from that measured, 
because of unaccounted effects on b oava ab ty. The 
AWQCs are ad usted for hardness. The TELs do not cons der 
factors affect ng meta oava ab ty. 

•� For water, the regress ons of metr cs on the summed rat os of the four meta s to the
� AWQCs changed when at east one meta exceeded ts AWQC gure 3 , suggest ng 

the AWQCs approx mate thresho ds for adverse effects n these streams. 

Table 4. Enumeration of sampling events where classification based on the 
individual-effects measures and that based on the metric disagree. Total 
number of sampling events = “Classified as unaffected” + “Classified as 
affected”. 

Metric Number of Sampling Events 
Classified 

as 
unaffected 

Metric < 
95% LCL for 
unaffected 

group 

Classified 
as 

affected 

Metric > 
95% UCL for 

affected 
group 

Dissolved chronic criteria water
Tota taxa r ch. nverts 67 28 18 
Tota no. of nd dua 67 36 18 
Ephemeroptera taxa r ch. 67 22 18 
EPT taxa r ch. 67 20 18 

Water bioassays 
Tota taxa r ch. nverts 73 29 11 
Ephemeroptera taxa r ch. 73 24 11 
EPT taxa r ch. 73 25 11 
Ch ronom dae taxa r ch. 73 32 11 

Sediment TELs 
Tota taxa r ch. nverts 55 21 30 13 
Ephemeroptera taxa r ch. 55 25 30 
Shredder taxa r ch. 55 30 30 
% Ind., nat ve spec es 49 39 29 

Sediment bioassays 
Tota taxa r ch. nverts 67 26 17 
Into erant taxa r ch. 67 22 17 
Tanytars taxa r ch. 67 23 17 
%Tanytars Ch ronom. 67 33 17 
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